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(54) BORING BAR 
(57)Abstract: 

PURPOSE: To provide a boring bar capable of effectively 
suppressing chatter vibration and boring a work with high 
machining accuracy even when t/D is made larger. 
CONSTITUTION: This boring bar is provided with a head 
section 2 having a cutting tip 1 at the top of an axial 
shank section 3, and the shank section 3 is coated with 
a film layer 5 made of a steel material or an aluminum 
material having the bending elastic modulus higher than 
that of fiber reinforced plastic on the outer periphery of 
an axial main body 4 made of fiber reinforced plastic. 
The shear deformation of the plastic matrix material 
constituting the main body 4 of the shank section 3 is 
restrained by the film layer 5 on the outer periphery, and 
high rigidity and a high loss factor can be concurrently 
secured. Even when t/D is made larger, the occurrence 
of chatter vibration is suppressed, and a work can be 
bored with high accuracy. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the boring bar which comes to prepare the head section holding a cutting chip at the 
tip of the shaft-like shank section — the boring bar characterized by coming to have the 
enveloping layer which it is, and said shank section is covered by the periphery of the body of 
the shape of a shaft which consists of fiber strengthening composite, and this body, and consists 
of high elasticity material with a bending modulus of elasticity higher than said fiber 
strengthening composite. 

[Claim 2] The boring bar according to claim 1 with which an enveloping layer consists of metal 
material. 

[Claim 3] The boring bar according to claim 1 with which an enveloping layer consists of ceramic 
material. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is a thing which is used in case boring cutting is performed 

in a machine tool and which carries out boring bar Seki. 

[0002] 

[Description of the Prior Art] With the boring bar used in case boring processing of the work 
piece is carried out in a machine tool, it becomes easy to generate chatter vibration at the time 
of processing, and this chatter vibration reduces the finishing precision of a work-piece 
processing side, or becomes with the cause of reducing the life of the cutting chip at the tip of a 
bar as the ratio of ejection die-length L from the fixed part of this bar to the path D of that bar, 
i.e., ratio of length to diameter, becomes large. Then, in the former, when ratio of length to 
diameter became large, generating of chatter vibration was avoided using the superhard bar 
which consists of rigid high cemented carbide material, various kinds of vibrationproofing bars 
which allotted the oscillating absorber and the vibrationproofing device to the body of a bar. 
[0003] Moreover, in order to raise the rigidity of a boring bar as indicated by JP,5-39806,U, there 
are some which used fiber strengthening composite as an ingredient of the body of a bar. This 
boring bar (JP,5-39806,U) As shown in [ draw ing 5 R> 5], the chip section (21) which holds a 
chip at a tip It has the steel core (20) of the shape of a shaft which prepared the clamp section 
(22) in the back end side. To the perimeter between the chip section (21) of this steel core (20), 
and the clamp section (22), and carbon fiber reinforced plastic It considers as the configuration 
which covered the shell (23) which consists of (calling it CFRP for short hereafter). Since the 
rigidity of CFRP of the shell (1 2) is high, and the resonant frequency of the body of a bar is high 
since specific gravity is small, and CFRP is large compared with steel, the loss factor which 
shows a periodic-damping property The loss factor of the whole bar also becomes large 
compared with a steel bar, and is enabling control of chatter vibration by this. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in the 
boring bar by the above-mentioned conventional technique. That is, in said superhard bar, since 
the weight per unit volume of the cemented carbide material to be used is large, if a bar 
becomes a major diameter, while weight will become excessive, it becomes expensive. Moreover, 
at the time of use, the fine adjustment of said vibrationproofing bar is needed intricately 
[ structure ] at an expensive price. 

[0005] On the other hand, the rigidity of the matrix material between fiber becomes to some 
extent low, and in the condition that shear deformation arises in a matrix material, fiber 
strengthening composites, such as CFRP, have the property that the loss factor of the fiber 
strengthening composite becomes large, when the own loss factor of a matrix material is large. 
Moreover, the shear deformation of this matrix material has the property that a core becomes 
large, in the direction of a cross section of this fiber strengthening composite. And the relation 
between the loss factor of fiber reinforced plastics own [ when changing the dynamic modulus of 
longitudinal elasticity of the matrix resin of fiber reinforced plastics ] and rigidity (dynamic 
modulus of longitudinal elasticity) has the remarkable fall of rigidity as shown in the graph of 
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[ drawing 4 ], when it has the relation of an inverse proportion mostly and a loss factor (periodic- 
damping property) is given highly, and when steel materials and the rigidity more than equivalent 
are given, the property that a loss factor falls remarkably has it. On the other hand, it is 
considering as the structure which covered the shell which becomes the perimeter of a steel 
core from fiber reinforced plastics with said conventional boring bar using fiber reinforced 
plastics, such as CFRP. Therefore, since steel exists in the cross-section core which becomes 
the largest [ a shear strain ] on structure, a loss factor cannot be raised effectively. Moreover, 
although rigidity of fiber reinforced plastics own [ this ] becomes low and the rigidity of the whole 
bar will be secured with a steel core when the fiber reinforced plastics which took the large loss 
factor are used in order to compensate this, since this core is in a cross-section core, its cross- 
section second moment will be low, and rigidity will become low. Therefore, with the structure of 
this conventional technique, when ratio of length to diameter is enlarged more, unless that 
rigidity and loss factor are raised collectively, the problem of it becoming impossible to suppress 
chatter vibration effectively occurs. 

[0006] This invention aims at offering the boring bar which can control chatter vibration 
effectively, even when high rigidity and a high loss factor are securable for coincidence and ratio 
of length to diameter is therefore enlarged more in view of the trouble of the above-mentioned 
conventional technique. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
is considered as the following configurations, namely, the boring bar with which the boring bar 
concerning this invention comes to prepare the head section holding a cutting chip at the tip of 
the shaft-like shank section — it is, said shank section is covered by the periphery of the body 
of the shape of a shaft which consists of fiber strengthening composite, and this body, and it is 
characterized by coming to have the enveloping layer which consists of high-elasticity material 
with a bending elastic modulus higher than said fiber strengthening composite. 
[0008] Moreover, the above-mentioned enveloping layer shall consist of metal material. 
[0009] Moreover, the above-mentioned enveloping layer shall consist of ceramic material. 
[0010] 

[Function] As mentioned above, although a loss factor becomes large in the condition that shear 
deformation arises in the matrix material between fiber, fiber strengthening composite Since an 
inverse proportion is almost related, when a loss factor (periodic-damping property) is given 
highly, the loss factor and rigidity (dynamic modulus of longitudinal elasticity) Since the fall of a 
loss factor becomes remarkable when a rigid fall becomes remarkable and rigidity is raised 
conversely, if it remains as it is, a certain limitation produces rigidity and a loss factor to raise to 
coincidence. It sets to the boring bar of this invention here. Since the periphery of the body 
which consists of fiber strengthening composite of the shank section is covered with the 
enveloping layer which consists of high elasticity material with a bending elastic modulus higher 
than the fiber strengthening composite of this body The shear deformation of the matrix material 
of the fiber strengthening composite which constitutes this shank section body by restraining on 
the direction periphery of a cross section Since the rigidity of this fiber strengthening composite 
can be raised and the shear strain of the matrix material in the direction core of a cross section 
of this fiber strengthening composite is not restrained again Even when a large loss factor can 
also be taken, namely, the high rigidity of the shank section and a high loss factor can be 
secured to coincidence and ratio of length to diameter is therefore enlarged more, chatter 
vibration can be controlled effectively and a work piece can be cut with a sufficient precision. 
[001 1] Moreover, it is covering the periphery of the fiber strengthening composite which 
constitutes the body of the shank section with the enveloping layer which consists of metal 
material with a bending elastic modulus higher than this fiber strengthening composite, or 
ceramic material. An oil, water, etc. which are used at the time of cutting while high rigidity and a 
high loss factor are securable for coincidence as mentioned above, For the fiber strengthening 
composite concerned, the corrosion resistance improvement under an environment which 
problems, such as corrosion, produce can be aimed at, and fiber strengthening composite is 
orotected from the damage which has occurred during cutting and deDends ** etc. again, and 
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extension can also plan useful life longevity. 
[0012] 

[Example] The example of this invention is explained with reference to a drawing below. [ drawing 
1 ] the (a) Fig. shows the configuration of one example of the boring bar concerning this 
invention — it is a fracture side elevation a part. [ Drawin g 1 ] The boring bar of this example 
shown in the (a) Fig. is a cutting chip (1) at the tip of the shaft-like shank section (3). The head 
section tabular [ rectangular ] to hold (2) It comes to prepare. 

[0013] Moreover, the shank section (3) Body of the shape of a shaft which consists of a CFRP 
(carbon fiber reinforced plastic) (4) Enveloping layer which consists a periphery of metal material 
(5) It comes to cover. And this shank section (3) At a tip, it is the head section (2). It is attached 
by welding. 

[0014] In this operation, roving which comes to bundle strengthening fiber the number of 
predetermined is first immersed in a resin tub. Matrix resin is infiltrated into this roving, this is 
inserted into the metallic conduit of predetermined thickness, and they are the outer diameter of 
16mm, and die length. It forms in a 200mm stem. Subsequently Body of the shape of a shaft 
which consists of a CFRP by heating this by predetermined temperature and time amount in 
oven, and stiffening internal resin (4) About a periphery, it is the enveloping layer (5) of metal 
material. The shank section which it comes to cover (3) It formed. And this shank section (3) It 
is the head section (2) at a tip. It welded and formed in the boring bar of the above-mentioned 
configuration. 

[0015] Moreover, body (5) CFRP is strengthening fiber. 49033MPa (50000kgf/mm2) Petroleum 
pitch system carbon fiber XN-50 (GURANOKKU by Nippon Oil Co., Ltd.), the coal pitch based 
carbon fiber K-135 (diamond lead by Mitsubishi Kasei Corp.), and PAN system carbon fiber M50B 
(Toray Industries, Inc. make trading card) which have a modulus of longitudinal elasticity were 
used, moreover — matrix resin — "Epicoat 87 (EPOSHIKI equivalent 430)" (shell company 
make) of EPOSHIKI resin, and a curing agent — acid anhydride "Epiclon B570" (Dainippon Ink 
make) and imidazole "epicure EM-24" (shell company make) 100:27.0:2.8 what came out of 
comparatively and was mixed — using — this It heated for 30 minutes at 170 degrees C, and the 
hardening reaction was made to perform. The modulus of longitudinal elasticity of the 
strengthening fiber of this CFRP, the oscillation frequency of 1000Hz of matrix resin, a 25- 
degree C modulus of longitudinal elasticity, and a loss factor are shown in [Table 1]. 



[0016] 






[Table 1] 
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[0017] moreover, body (4) Enveloping layer (5) of a periphery ****** — to a metallic conduit 
elastic modulus 205940MPa (21000kgf/mm2) — thickness t 0.25mm and 0.35mm — and — The 
steel pipe (an equivalent for S45C) which is 0.5mm, and elastic modulus By 68647MPa 
(7000kgf/mm2) Thickness t 0.5mm and 1.0mm And aluminum tubing (pure aluminum) which is 
1.5mm was used, and these shanks section (3) ******** — the tip — the head section (2) 
Before welding, the following performed evaluation of the rigidity and loss factor. 
[0018] The shaft-like shank section (3) It hit in the direction of bending by the boundary 
condition of both-ends freedom, and asked for the resonant frequency f of the primary bending 
using FFT (Ono Sokki CF 350) from the wave of the free vibration at that time. Moreover, body 
at this time (4) The dynamic modulus of longitudinal elasticity ECFRP of CFRP is the following. It 
asks by [1] formula. 

ECFRP=16, 2, L4, and rhoCFRP/DCFRP 2-4.734 [1] — here, rhoCFRPs are [ a diameter 

and L of the consistency of Above CFRP and DCFRP ] die length. 

[0019] And each shank section of this example (3) The dynamic modulus of longitudinal elasticity 
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E is the following. It asked by [2] formulas. 

E=1-/ICFRP- [(K-L3 / 4.734) - (EMETAL and IMETAL)] [2] — the shank section (3) in 

which K can be found from the above-mentioned primary measurement natural frequency f here 
A load rate, ICFRP, and IMETAL Body (4) CFRP and enveloping layer (4) the cross-section 
second moment of metal material — it is — these — the following [3] - It asks by [5] formulas. 
Moreover, L is the shank section (3). Die length and EMETAL Enveloping layer (4) It is the 
dynamic modulus of longitudinal elasticity of metal material. 

K=M (2 pi— 0. 2 [3] ICFRP=pi/DCFRP 4/64 [4] IMETAL =pi- [(DCFRP+20 4- 

DCFRP4]/64 [5] — here — M — the shank section (3) mass and t — said enveloping layer 

(4) ****** — ft i s the thickness of the used metallic conduit. 

[0020] On the other hand, it is each shank section (3) of this example. A loss factor eta asks for 
a logarithmic decrement delta from the wave of the above-mentioned free vibration, and is the 
following. It asked from the relation of [6] types. 

eta=delta/pi [6] — while these results are shown in [[Table 2 and 3]] — [ draw ing 1 ] The 

graph of the (b) Fig. is made to contrast with the thing of the conventional technique, and it is 
shown in it. In addition, the example which covered the body periphery which [Table 2] becomes 
from CFRP with the enveloping layer which consists of steel materials, and [Table 3] show the 
value of the example which covered this body periphery with the enveloping layer which consists 
of aluminum material, respectively. Moreover, the fiber volume fraction of CFRP is shown Vf% in 
these tables. 



[0021] 
Table 2] 
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0.2 5 
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[0022] 
Table 3] 






Vf 5 5 % 


r§JS£ mm 


0. 5 


0. 7 5 


1 . 0 


1.25 


mmmm MPa 
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1 0 8 3 7 3 
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1 1 6 4 7 4 
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12 0 4 7 5 
(12285) 


12 2 3 7 7 
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nmm n \ 


0. 1 7 


0. 1 5 


0. J 4 


0. 1 2 



[0023] Moreover, [ drawing 1 ] (b) the value plotted by the square mark in the graph of a Fig. 
This example (it corresponds to [Table 2]) which covered with the steehmaterials enveloping 
layer the body periphery which consists of a CFRP, and the value which plotted by the round 
mark The result of this example (it corresponds to [Table 3]) which covered this body periphery 
with the aluminum material enveloping layer is shown, respectively. Moreover, the plot of the 
trigonum mark The result of the example of the conventional technical **** comparison which 
covered the periphery of a steel core with the shell which consists of a CFRP is shown, and 
Curve A shows the value in the stem of the CFRP simple substance shown in the graph of 
[ drawing 4 ]. 

[0024] in addition, the dynamic modulus E of the stem of a CFRP simple substance — the above 
Second-moment ICFRP and IMETAL The following [7] — and — It is setting from [8] types and 
asks. [ in / in the dynamic modulus E of the conventional technique which was searched for from 
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[1] type and covered the steel core periphery with the shell of CFRP / the aforementioned [2] 
formula ] 

ICFRP^pi- [(DMETAL+2tCFRP) 4-DMETAL 4] / 64 [7] IMETAL = pi-DMETAL 4/64 

[8] — here — D METAL The diameter of a steel core and tCFRP are the thickness of CFRP 
shell. 

[0025] [Table 2] [table 3] and [ drawing 1 ] ( a ) As shown in the graph of a Fig., in the thing of 
this example, the big value which was impossible for the modulus of longitudinal elasticity and the 
loss factor with the conventional technique was realizable. 

[0026] Subsequently, each shank section of above-mentioned this example (3) At a tip, it is the 
head section (2). While welding, it is this head section (2). Cutting chip (1) It attached, and 
considered as the boring bar of one body, and the following evaluation trials and boring cutting 
trials were performed about the boring bar (thing equipped with enveloping layer thickness 
0.35mmm and the shank section with a diameter of 16mm) which has a steehmaterials 
enveloping layer of them. Moreover, for the comparison, the boring bar furnished with the above, 
the same head section, and a cutting chip was prepared for the shank section of a carbon steel 
(S45C) simple substance with a diameter of 16mm, and the trial of the above and these 
conditions was performed in it. 

[0027] First, it is the amount of ejection about the above-mentioned boring bar. 96mm It fixed by 
the support at one end carried out, and asked for the resonant frequency and loss factor in this 
condition. The measuring method of a natural frequency attached the acceleration sensor at the 
tip of a cutting chip, and asked for the natural frequency f of the primary bending using FFT (Ono 
Sokki CF 350) from the signal of a free vibration wave acquired by hitting the cutting chip tip in 
the direction of bending. Moreover, a loss factor eta is described above like said shank section. It 
asked from [6] types. The result is shown in [Table 4]. 



!0028] 
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[0029] As shown in [Table 4], as for boring bar ratio **** of the example of a comparison which 
the boring bar of this example equipped with the shank section of a steel simple substance, and 
a natural frequency, the loss factor showed the value with this sharply as big level **** as about 
4 times mostly. 

[0030] Then, they are 300rpm and the amount of slitting about the rotational speed of a work 
piece with these boring bar (the amount of ejection of 96mm). 0.1mm and feed rate By the 
cutting conditions set to 0.08mmrev, the boring cutting trial was performed and the vibration 
acceleration at the tip of a cutting chip was measured, the result — [ drawing 2 ] the (a) Fig. — 
and — It is shown in the graph of the (b) Fig. In addition, the graph of the (a) Fig. of [ drawing 2 ] 
is the boring bar of this example, (b) The graph of a Fig. shows the check ****** wave at the 
time of boring cutting with each boring bar of the example of a comparison. 
[0031] [ Drawing_2 ] (b) As shown in the graph of a Fig., the boring bar of the example of a 
comparison has started comparatively big check ******, and it was checked to this that the 
boring bar of this example has not caused chatter vibration, and can control effectively the 
chatter-by this vibration under boring cutting in the boring bar of this example as shown in the 
graph of the (a) Fig. 

[0032] As stated above, in the boring bar of this example, by restraining the shear strain of the 
matrix material of CFRP which constitutes the body of the shank section by the enveloping layer 
of a periphery, high rigidity and a high loss factor could be realized to coincidence, the chatter 
vibration under boring cutting could be controlled effectively, and, thereby, the effectiveness 
which was excellent in this invention was able to be checked, furthermore , the corrosion 
resistance improvement under an environment which problems , such as corrosion , produce can 
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aim at , and fiber strengthening composite protect from the damage which have occur during 
cutting and depend ** etc. again , and extension also plan useful life longevity for the CFRPs 
concerned , such as an oil use at the time of cutting , and water , by cover the periphery of 
CFRP which constitute a shank section body from a boring bar of this example with the 
enveloping layer which consist of a steel materials or an aluminum material . 
[0033] In addition, with the boring bar of the above-mentioned example, it is a cutting chip (1). 
The head section to hold (2) Shank section (3) Although it joined by welding, this is one example, 
and it is the head section (2). Shank section (3) For example, by taking the structure shown in 
[ drawing 3 ], it is connectable removable. 

[0034] [ drawing_3 ] the (a) Fig. — and — operative condition with the boring bar of this 
invention another [ the (b) Fig. ] — a configuration [ like ] is shown — it is a fracture side 
elevation a part. In addition, except for the point that the connection configurations of the head 
section and the shank section differ, since the boring bar of these embodiments is the same as 
the above-mentioned example, it gives [ drawing 1 R> 1] and a same sign to equivalent each 
part, omits explanation, and summarizes and explains ** to the difference point. [ Drawin g 3 ] (a) 
in the boring bar of a Fig. Head section (2) To the back end, it is the shank section (3). While 
preparing the disc-like mounting eye (2a) of the diameter of said Shank section (3) A coronary 
adapter (3a) is put at a tip, and it fixes, and they are two or more bolts (6) about those mounting 
eyes (2a) and adapters (3a). By minding and concluding, it is the head section (2). The shank 
section (3) is connected removable. Moreover, ** (b) With the boring bar of a Fig., it is the head 
section (2). To the back end 
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TECHNICAL FIELD 



[Industrial Application] This invention is a thing which is used in case boring cutting is performed 
in a machine tool and which carries out boring bar Seki. 
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damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
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PRIOR ART 



[Description of the Prior Art] With the boring bar used in case boring processing of the work 
piece is carried out in a machine tool, it becomes easy to generate chatter vibration at the time 
of processing, and this chatter vibration reduces the finishing precision of a work-piece 
processing side, or becomes with the cause of reducing the life of the cutting chip at the tip of a 
bar as the ratio of ejection die-length L from the fixed part of this bar to the path D of that bar, 
i.e., ratio of length to diameter, becomes large. Then, in the former, when ratio of length to 
diameter became large, generating of chatter vibration was avoided using the superhard bar 
which consists of rigid high cemented carbide material, various kinds of vibrationproofing bars 
which allotted the oscillating absorber and the vibrationproofing device to the body of a bar. 
[0003] Moreover, in order to raise the rigidity of a boring bar as indicated by JP,5-39806,U, there 
are some which used fiber strengthening composite as an ingredient of the body of a bar. This 
boring bar (JP,5-39806,U) As shown in [ drawi n g 5 R> 5], the chip section (21) which holds a 
chip at a tip It has the steel core (20) of the shape of a shaft which prepared the clamp section 
(22) in the back end side. To the perimeter between the chip section (21) of this steel core (20), 
and the clamp section (22), and carbon fiber reinforced plastic It considers as the configuration 
which covered the shell (23) which consists of (calling it CFRP for short hereafter). Since the 
rigidity of CFRP of the shell (12) is high, and the resonant frequency of the body of a bar is high 
since specific gravity is small, and CFRP is large compared with steel, the loss factor which 
shows a periodic-damping property The loss factor of the whole bar also becomes large 
compared with a steel bar, and is enabling control of chatter vibration by this. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As stated above, boring ** - concerning this invention can perform 
boring cutting of high process tolerance, without causing chatter vibration, even when high 
rigidity and a high loss factor can be secured to coincidence and ratio of length to diameter is 
therefore enlarged more. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, there are the following troubles in the 
boring bar by the above-mentioned conventional technique. That is, in said superhard bar, since 
the weight per unit volume of the cemented carbide material to be used is large, if a bar 
becomes a major diameter, while weight will become excessive, it becomes expensive. Moreover, 
at the time of use, the fine adjustment of said vibrationproofing bar is needed intricately 
[ structure ] at an expensive price. 

[0005] On the other hand, the rigidity of the matrix material between fiber becomes to some 
extent low, and in the condition that shear deformation arises in a matrix material, fiber 
strengthening composites, such as CFRP, have the property that the loss factor of the fiber 
strengthening composite becomes large, when the own loss factor of a matrix material is large. 
Moreover, the shear deformation of this matrix material has the property that a core becomes 
large, in the direction of a cross section of this fiber strengthening composite. And the relation 
between the loss factor of fiber reinforced plastics own [ when changing the dynamic modulus of 
longitudinal elasticity of the matrix resin of fiber reinforced plastics ] and rigidity (dynamic 
modulus of longitudinal elasticity) has the remarkable fall of rigidity as shown in the graph of 
[ drawing 4 ], when it has the relation of an inverse proportion mostly and a loss factor (periodic- 
damping property) is given highly, and when steel materials and the rigidity more than equivalent 
are given, the property that a loss factor falls remarkably has it. On the other hand, it is 
considering as the structure which covered the shell which becomes the perimeter of a steel 
core from fiber reinforced plastics with said conventional boring bar using fiber reinforced 
plastics, such as CFRP. Therefore, since steel exists in the cross-section core which becomes 
the largest [ a shear strain ] on structure, a loss factor cannot be raised effectively. Moreover, 
although rigidity of fiber reinforced plastics own [ this ] becomes low and the rigidity of the whole 
bar will be secured with a steel core when the fiber reinforced plastics which took the large loss 
factor are used in order to compensate this, since this core is in a cross-section core, its cross- 
section second moment will be low, and rigidity will become low. Therefore, with the structure of 
this conventional technique, when ratio of length to diameter is enlarged more, unless that 
rigidity and loss factor are raised collectively, the problem of it becoming impossible to suppress 
chatter vibration effectively occurs. 

[0006] This invention aims at offering the boring bar which can control chatter vibration 
effectively, even when high rigidity and a high loss factor are securable for coincidence and ratio 
of length to diameter is therefore enlarged more in view of the trouble of the above-mentioned 
conventional technique. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
is considered as the following configurations, namely, the boring bar with which the boring bar 
concerning this invention comes to prepare the head section holding a cutting chip at the tip of 
the shaft-like shank section — it is, said shank section is covered by the periphery of the body 
of the shape of a shaft which consists of fiber strengthening composite, and this body, and it is 
characterized by coming to have the enveloping layer which consists of high-elasticity material 
with a bending elastic modulus higher than said fiber strengthening composite. 
[0008] Moreover, the above-mentioned enveloping layer shall consist of metal material. 
[0009] Moreover, the above-mentioned enveloping layer shall consist of ceramic material. 
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OPERATION 



[Function] As mentioned above, although a loss factor becomes large in the condition that shear 
deformation arises in the matrix material between fiber, fiber strengthening composite Since an 
inverse proportion is almost related, when a loss factor (periodic-damping property) is given 
highly, the loss factor and rigidity (dynamic modulus of longitudinal elasticity) Since the fall of a 
loss factor becomes remarkable when a rigid fall becomes remarkable and rigidity is raised 
conversely, if it remains as it is, a certain limitation produces rigidity and a loss factor to raise to 
coincidence. It sets to the boring bar of this invention here. Since the periphery of the body 
which consists of fiber strengthening composite of the shank section is covered with the 
enveloping layer which consists of high elasticity material with a bending elastic modulus higher 
than the fiber strengthening composite of this body The shear deformation of the matrix material 
of the fiber strengthening composite which constitutes this shank section body by restraining on 
the direction periphery of a cross section Since the rigidity of this fiber strengthening composite 
can be raised and the shear strain of the matrix material in the direction core of a cross section 
of this fiber strengthening composite is not restrained again Even when a large loss factor can 
also be taken, namely, the high rigidity of the shank section and a high loss factor can be 
secured to coincidence and ratio of length to diameter is therefore enlarged more, chatter 
vibration can be controlled effectively and a work piece can be cut with a sufficient precision. 
[001 1] Moreover, it is covering the periphery of the fiber strengthening composite which 
constitutes the body of the shank section with the enveloping layer which consists of metal 
material with a bending elastic modulus higher than this fiber strengthening composite, or 
ceramic material. An oil, water, etc. which are used at the time of cutting while high rigidity and a 
high loss factor are securable for coincidence as mentioned above, For the fiber strengthening 
composite concerned, the corrosion resistance improvement under an environment which 
problems, such as corrosion, produce can be aimed at, and fiber strengthening composite is 
protected from the damage which has occurred during cutting and depends ** etc. again, and 
extension can also plan useful life longevity. 
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EXAMPLE 



[Example] The example of this invention is explained with reference to a drawing below. [ dra win g 
1 ] the (a) Fig. shows the configuration of one example of the boring bar concerning this 
invention — it is a fracture side elevation a part. [ Drawing 1 ] The boring bar of this example 
shown in the (a) Fig. is a cutting chip (1) at the tip of the shaft-like shank section (3). The head 
section tabular [ rectangular ] to hold (2) It comes to prepare. 

[0013] Moreover, the shank section (3) Body of the shape of a shaft which consists of a CFRP 
(carbon fiber reinforced plastic) (4) Enveloping layer which consists a periphery of metal material 
(5) It comes to cover. And this shank section (3) At a tip, it is the head section (2). It is attached 
by welding. 

[0014] In this operation, roving which comes to bundle strengthening fiber the number of 
predetermined is first immersed in a resin tub. Matrix resin is infiltrated into this roving, this is 
inserted into the metallic conduit of predetermined thickness, and they are the outer diameter of 
16mm, and die length. It forms in a 200mm stem. Subsequently Body of the shape of a shaft 
which consists of a CFRP by heating this by predetermined temperature and time amount in 
oven, and stiffening internal resin (4) About a periphery, it is the enveloping layer (5) of metal 
material. The shank section which it comes to cover (3) It formed. And this shank section (3) It 
is the head section (2) at a tip. It welded and formed in the boring bar of the above-mentioned 
configuration. 

[0015] Moreover, body (5) CFRP is strengthening fiber. 49033MPa (50000kgf/mm2) Petroleum 
pitch system carbon fiber XN-50 (GURANOKKU by Nippon Oil Co., Ltd.), the coal pitch based 
carbon fiber K-135 (diamond lead by Mitsubishi Kasei Corp.), and PAN system carbon fiber M50B 
(Toray Industries, Inc. make trading card) which have a modulus of longitudinal elasticity were 
used, moreover — matrix resin — "Epicoat 87 (EPOSHIKI equivalent 430)" (shell company 
make) of EPOSHIKI resin, and a curing agent — acid anhydride "Epiclon B570" (Dainippon Ink 
make) and imidazole "epicure EM-24" (shell company make) 100:27.0:2.8 what came out of 
comparatively and was mixed — using — this It heated for 30 minutes at 170 degrees C, and the 
hardening reaction was made to perform. The modulus of longitudinal elasticity of the 
strengthening fiber of this CFRP, the oscillation frequency of 1000Hz of matrix resin, a 25- 
degree C modulus of longitudinal elasticity, and a loss factor are shown in [Table 1]. 



;ooi6] 






Table 1] 








ttfflftf! MP a 




mtmm 


4 9 0 3 3 3 
(5000<)kgf /mm 2 ) 






1 6 7 
(I7kgf/mm 2 > 


0. 2 6 



[0017] moreover, body (4) Enveloping layer (5) of a periphery ****** — to a metallic conduit 
elastic modulus 205940MPa (2t000kgf/mm2) — thickness t 0.25mm and 0.35mm — and — The 
steel pipe (an equivalent for S45C) which is 0.5mm, and elastic modulus By 68647MPa 
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(7000kgf/mm2) Thickness t 0.5mm and 1.0mm And aluminum tubing (pure aluminum) which is 
1.5mm was used, and these shanks section (3) ******** — the tip — the head section (2) 
Before welding, the following performed evaluation of the rigidity and loss factor. 
[0018] The shaft-like shank section (3) It hit in the direction of bending by the boundary 
condition of both-ends freedom, and asked for the resonant frequency f of the primary bending 
using FFT (Ono Sokki CF 350) from the wave of the free vibration at that time. Moreover, body 
at this time (4) The dynamic modulus of longitudinal elasticity ECFRP of CFRP is the following. It 
asks by [1] formula. 

ECFRP=16, 2, L4, and rhoCFRP/DCFRP 2-4.734 [1] — here, rhoCFRPs are [ a diameter 

and L of the consistency of Above CFRP and DCFRP ] die length. 

[0019] And each shank section of this example (3) The dynamic modulus of longitudinal elasticity 
E is the following. It asked by [2] formulas. 

E=1-/ICFRP- [(K-L3 / 4.734) - (EMETAL and IMETAL)] [2] — the shank section (3) in 

which K can be found from the above-mentioned primary measurement natural frequency f here 
A load rate, ICFRP t and IMETAL Body (4) CFRP and enveloping layer (4) the cross-section 
second moment of metal material — it is — these — the following [3] - It asks by [5] formulas. 
Moreover, L is the shank section (3). Die length and EMETAL Enveloping layer (4) It is the 
dynamic modulus of longitudinal elasticity of metal material. 

K=M (2 pi-f), 2 [3] ICFRP=pi/DCFRP 4/64 [4] IMETAL =pi- [(DCFRP+2t) 4- 

DCFRP4]/64 [5] — here — M — the shank section (3) mass and t — said enveloping layer 

(4) ****** _ i t i s t h e thickness of the used metallic conduit. 

[0020] On the other hand, it is each shank section (3) of this example. A loss factor eta asks for 
a logarithmic decrement delta from the wave of the above-mentioned free vibration, and is the 
following. It asked from the relation of [6] types. 

eta=delta/pi [6] — while these results are shown in [[Table 2 and 3]] — [ draw ing 1 ] The 

graph of the (b) Fig. is made to contrast with the thing of the conventional technique, and it is 
shown in it. In addition, the example which covered the body periphery which [Table 2] becomes 
from CFRP with the enveloping layer which consists of steel materials, and [Table 3] show the 
value of the example which covered this body periphery with the enveloping layer which consists 
of aluminum material, respectively. Moreover, the fiber volume fraction of CFRP is shown Vf% in 
these tables. 
[0021] 



[Table 2] 


mtmm> + you 




Vf 5 5% 


Vf 6 5% 


J8f]££ mm 


0.2 5 


0. 3 5 


0.5 0 


0. 3 5 


0. 5 0 


mwmm MPa 

(#3- kgf/mm*«) 


1 1 6 0 7 2 
(11836) 


12 10 7 3 
(12346) 


12 0 4 7 5 
(12285) 


1 4 4 0 8 9 
(14693) 


14 8 10 0 
(15102) 




0. 1 5 


0. 1 4 


0. I 2 


0. 1 5 


0. 1 3 



[0022] 
[Table 3] 





mmm^m 


Vf 5 5 % 


f§JS$ mm 


0. 5 


0. 7 5 


1 . 0 


1.25 


kgf/mm'fi) 


1 0 8 3 7 3 
(11051) 


1 16 4 7 4 
(11877) 


12 0 4 7 5 
(12285) 


12 2 3 7 7 
(12479) 




0. 1 7 


0. 1 5 


0. 1 4 


0. 1 2 



[0023] Moreover, [ drawing 1 ] (b) the value plotted by the square mark in the graph of a Fig. 
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This example (it corresponds to [Table 2]) which covered with the steel-materials enveloping 
layer the body periphery. which consists of a CFRP..and the value which plotted by the round 
mark The result of this example (it corresponds to [Table 3]) which covered this body periphery 
with the aluminum material enveloping layer is shown, respectively. Moreover, the plot of the 
trigonum mark The result of the example of the conventional technical **** comparison which 
covered the periphery of a steel core with the shell which consists of a CFRP is shown, and 
Curve A shows the value in the stem of the CFRP simple substance shown in the graph of 
[ drawing 4 ]. 

[0024] in addition, the dynamic modulus E of the stem of a CFRP simple substance — the above 
Second-moment ICFRP and IMETAL The following [7] — and — It is setting from [8] types and 
asks. [ in / in the dynamic modulus E of the conventional technique which was searched for from 
[1] type and covered the steel core periphery with the shell of CFRP / the aforementioned [2] 
formula ] 

ICFRP=pi- [(DM ET AL+2tC FRP) 4-DMETAL 4] / 64 [7] IMETAL = pi-DMETAL 4/64 

[8] — here — DMETAL The diameter of a steel core and tCFRP are the thickness of CFRP 

shell. 

[0025] [Table 2] [table 3] and [ drawing J ] (a) As shown in the graph of a Fig., in the thing of 
this example, the big value which was impossible for the modulus of longitudinal elasticity and the 
loss factor with the conventional technique was realizable. 

[0026] Subsequently, each shank section of above-mentioned this example (3) At a tip, it is the 
head section (2). While welding, it is this head section (2). Cutting chip (1) It attached, and 
considered as the boring bar of one body, and the following evaluation trials and boring cutting 
trials were performed about the boring bar (thing equipped with enveloping layer thickness 
0.35mmm and the shank section with a diameter of 16mm) which has a steel-materials 
enveloping layer of them. Moreover, for the comparison, the boring bar furnished with the above, 
the same head section, and a cutting chip was prepared for the shank section of a carbon steel 
(S45C) simple substance with a diameter of 16mm, and the trial of the above and these 
conditions was performed in it. 

[0027] First, it is the amount of ejection about the above-mentioned boring bar. 96mm It fixed by 
the support at one end carried out, and asked for the resonant frequency and loss factor in this 
condition. The measuring method of a natural frequency attached the acceleration sensor at the 
tip of a cutting chip, and asked for the natural frequency f of the primary bending using FFT (Ono 
Sokki CF 350) from the signal of a free vibration wave acquired by hitting the cutting chip tip in 
the direction of bending. Moreover, a loss factor eta is described above like said shank section. It 
asked from [6] types. The result is shown in [Table 4]. 



[0028] 






Table 4] 








m^mm^L hz 






9 5 0 


0.11 




1112 


0. 0 3 



[0029] As shown in [Table 4], as for boring bar ratio **** of the example of a comparison which 
the boring bar of this example equipped with the shank section of a steel simple substance, and 
a natural frequency, the loss factor showed the value with this sharply as big level **** as about 
4 times mostly. 

[0030] Then, they are 300rpm and the amount of slitting about the rotational speed of a work 
piece with these boring bar (the amount of ejection of 96mm). 0.1mm and feed rate By the 
cutting conditions set to 0.08mmrev, the boring cutting trial was performed and the vibration 
acceleration at the tip of a cutting chip was measured, the result — [ drawing 2 ] the (a) Fig. — 
and — It is shown in the graph of the (b) Fig. In addition, the graph of the (a) Fig. of [ drawing 2 ] 
is the boring bar of this example, (b) The graph of a Fig. shows the check ****** wave at the 
time of boring cutting with each boring bar of the example of a comparison. 
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[0031] [ Drawing 2 ] (b) As shown in the graph of a Fig., the boring bar of the example of a 
comparison has started comparatively big check ******, and it was checked to this that the 
boring bar of this example has not caused chatter vibration, and can control effectively the 
chatter-by this vibration under boring cutting in the boring bar of this example as shown in the 
graph of the (a) Fig. 

[0032] As stated above, in the boring bar of this example, by restraining the shear strain of the 
matrix material of CFRP which constitutes the body of the shank section by the enveloping layer 
of a periphery, high rigidity and a high loss factor could be realized to coincidence, the chatter 
vibration under boring cutting could be controlled effectively, and, thereby, the effectiveness 
which was excellent in this invention was able to be checked, furthermore , the corrosion 
resistance improvement under an environment which problems , such as corrosion , produce can 
aim at , and fiber strengthening composite protect from the damage which have occur during 
cutting and depend ** etc. again , and extension also plan useful life longevity for the CFRPs 
concerned , such as an oil use at the time of cutting , and water , by cover the periphery of 
CFRP which constitute a shank section body from a boring bar of this example with the 
enveloping layer which consist of a steel materials or an aluminum material . 
[0033] In addition, with the boring bar of the above-mentioned example, it is a cutting chip (1). 
The head section to hold (2) Shank section (3) Although it joined by welding, this is one example, 
and it is the head section (2). Shank section (3) For example, by taking the structure shown in 
[ drawing 3 ], it is connectable removable. 

[0034] [ dr awing 3 ] the (a) Fig. — and — operative condition with the boring bar of this 
invention another [ the (b) Fig. ] — a configuration [ like ] is shown — it is a fracture side 
elevation a part. In addition, except for the point that the connection configurations of the head 
section and the shank section differ, since the boring bar of these embodiments is the same as 
the above-mentioned example, it gives [ drawing 1 R> 1] and a same sign to equivalent each 
part, omits explanation, and summarizes and explains ** to the difference point. [ Drawing 3 ] (a) 
in the boring bar of a Fig. Head section (2) To the back end, it is the shank section (3). While 
preparing the disc-like mounting eye (2a) of the diameter of said Shank section (3) A coronary 
adapter (3a) is put at a tip, and it fixes, and they are two or more bolts (6) about those mounting 
eyes (2a) and adapters (3a). By minding and concluding, it is the head section (2). The shank 
section (3) is connected removable. Moreover, ** (b) With the boring bar of a Fig., it is the head 
section (2). To the back end While preparing the same mounting eye (2a) as the above, it is the 
shank section (3). A disc-like adapter (3a ? ) is welded at a tip, and they are two or more bolts (6) 
about those mounting eyes (2a) and adapters (3a'). Mind and by concluding The head section (2) 
Shank section (3) It has connected removable. 

[0035] Moreover, at the above-mentioned example, it is the shank section (3). Body (4) While 
using CFRP (carbon fiber reinforced plastic), it is the body (4). Enveloping layer which consists a 
periphery of steel materials or aluminum material (5) Although covered this — one example — it 
is — the body (4) **** — highly [ rigidity ], as long as specific gravity is small and a loss factor 
is large, other fiber strengthening composites, for example, the fiber strengthening composite 
with which strengthening fiber consists of a metal fiber, a glass fiber, an aramid fiber, etc., may 
be used. Moreover, enveloping layer (5) It is a body (4) if it carries out. A bending elastic modulus 
may be higher than the fiber strengthening composite used, as long as it can restrain effectively 
the shear deformation of the matrix material of this fiber strengthening composite, alloy steel 
material and aluminum containing alloy material may be begun, for example, and to say nothing of 
using other metal material, not only metai material but the ceramics etc. may be used. 
[0036] Moreover, at the above-mentioned example, it is the shank section (3). Body (4) 
Enveloping layer (5) It attaches for forming 1 body, matrix resin is sunk into roving which bundled 
strengthening fiber — making — this — enveloping layer (5) It inserts into a metallic conduit and 
forms in a stem. ****** — subsequently Body which consists of a CFRP by heating within oven 
and stiffening internal resin (4) It is the enveloping layer (5) of metal material about a periphery. 
The covered shank section (3) Although carried out Roving of strengthening fiber into which 
matrix resin was infiltrated in addition to this approach is inserted into the metal mold held at 
predetermined temperature, and this is drawn out at a predetermined rate. By hardening and the 
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drawing fabricating method to fabricate body (4) of the shape of a shaft which consists of fiber 
strengthening composite [ finishing / hardening ] forming — this — enveloping layer (5) ****** 
— pressing fit in a metallic conduit — or 1 body can also be formed by inserting and making it 
fix using adhesives, such as an epoxy resin. Moreover, body of the shape of a shaft which 
consists of fiber strengthening composite [ finishing / hardening ] (4) In order to obtain, the 
shaping approach which the one direction prepreg into which it sank in resin was fabricated by 
the rolling method etc., and the approach of pressurizing and stiffening by after that, for example, 
an autoclave etc., the approach of fabricating with a filament winding method, etc. could be 
adopted, and combined these shaping approach may also be beforehand applied in addition to the 
drawing fabricating method. Furthermore, body which consists of fiber strengthening composite 
[ finishing / hardening ] (4) About a periphery, it is an enveloping layer (5). In order to cover, it 
does not restrict to a metallic conduit and that of ** is also good in ceramic coating, hard 
chromium plating or ion plating, etc. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr aw ing 1] it is the drawing in which the configuration, its loss factor, and dynamic modulus of 
one example of this invention are shown the part where (a) drawing shows a configuration — 
fracture side elevation, (b) drawing is a graph which shows a loss factor and a dynamic modulus. 
[ of a boring bar ] 

[Drawing 2] It is the graph which shows the check ****** wave at the time of the boring cut in 
connection with the boring bar of the example of this invention, The graph of (a) drawing is the 
boring bar of this example, The graph of (b) drawing is a graph which shows the check ****** 
wave at the time of the boring cut with each boring bar of the example of a comparison. 
[Drawing 3] the configuration of another embodiment of the boring bar of this invention is shown 
— it is a fracture side elevation a part. 

[Drawing 4] It is the graph which shows the relation between the loss factor of fiber reinforced 
plastics own [ when changing the dynamic modulus of longitudinal elasticity of the matrix resin in 
fiber reinforced plastics / this ], and rigidity (dynamic modulus of longitudinal elasticity). 
[Drawing 5] the configuration of the boring bar using the conventional fiber consolidation 
composite is shown — it is a fracture side face a part. 
[Description of Notations] 

(1) — Cut chip 

(2) — Head section 

(3) — Shank section 

(4) — Body 

(5) — Enveloping layer 
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Title: 
BORING BAR 



Abstract: 

PURPOSE:To provide a boring bar capable of effectively suppressing chatter vibration 
and boring a work with high machining accuracy even when L/D is made larger. 
CONSTITUTION:This boring bar is provided with a head section 2 having a cutting tip 1 at 
the top of an axial shank section 3, and the shank section 3 is coated with a film layer 5 
made of a steel material or an aluminum material having the bending elastic modulus 
higher than that of fiber reinforced plastic on the outer periphery of an axial main body 4 

made of fiber reinforced plastic. The shear deformation of the plastic matrix material 
constituting the main body 4 of the shank section 3 is restrained by the film layer 5 on the 
outer periphery, and high rigidity and a high loss factor can be concurrently secured. 
Even when L/D is made larger, the occurrence of chatter vibration is suppressed, and a 

work can be bored with high accuracy. 
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fc»r»R/t-©H]e«*6c!)«*fljbftSLojt, f 
&to-6L/D*j^<&aiconT, mnruKotacoa 
a#n£isA<ft9, cicwow. 

#ifc£ffiT31i*!IB<!:ft*. *inM**-ett, L/D 
«*/X-*. /t~*ftlcfiftftiim*lf;*W r |«El/fe 

[0 0 0 3] Sfc, §|M¥5-39806 ^«tiB^SnT 

5. ^©^-U>^A'- (&BW5-39806 -ft) tt. C0 

5] 3 ic, 9&llz??'7*fm*Z*y7U(2 

1)*, ^«8lCi/5>7 , SI5(22)SigWc:«l^©»3Sin7 
<20)*#U do. C©S!S3 7(20)©9 1 <>7 r g8(21)i: 

* 7 >^g?(22> t e>mm\zmmmm®{£77*?y 

9 (BIT, C F R P *»6fc*io:;K23)* 
MSLfcfilfeEtSnT^O. ■€•©-> x;Kl2)fflCFRP 
OMtttfK < . ftOjtlftVhS t> C 6 A-*#©0 
WSJKlRtfiiK. *>OC F R P tt«ICit<5iSfi!j«g 

t>«>-e» n-£#©ii*«RR 

fcSifiA'-lcJt^T^^ftO. ^tlCiot. tftfD 
[0004] 

[f8wa<#&i<«k5£-r*sus] l*u ±tat£*&ffi 

ftttofe, MElB*/t-"Ctt. «*>*««£&*!©¥& 
#ttai*»*« V>©T, A'-^glcfti tggatjg* 
KfcSt^lCiSffitft*. *&. MEKrSrt-tt. MB 



(2) ^¥7-2 9 0 3 0 5 

10 0 0 5]-*. c f r p$<j>mmt&&mt> m 

*ft. ^©Th'Ji/^ x «©»W^»««l6ate«£ 

io m#mzmt2ttmatmm\:-77z?y9&»<D 

IMMMt&Mtt (iiW»3¥tt$) tWHfiUi. CIS 4] 
Of 97fc*TJ:5fc, IStfEJtflOlMfcftD. Aft 
Mk (SIMStttt) *»<»&*&«fcKtt, BH4© 
ftT««»L<. $fci«i^l©Itt«»fct&« 
£fctt. «*«ft*qil/<ttT1-6tV»51*tt*»*-&. 

fc*Ba*o#-U>df/'«-TB. i«Sa7©^ffltc8! 
H3fi{t:^7X5 1 -yi')5^ft*->xJl'ifeSaUfc«jfitL 

*»«<. WttttlS<ftoTb*5. *0&*. Efflft* 
ft*0lKrett. L/Dt±0**<Lft»&, ^©H5 

ssj eg a * e t a* ft < ft * t w 5 ras**5s±-r 

39 *. 

[0006] ±iEtE*afl5©raaijftK:«*- 

T**3H-'J>f/t~S'»«f*Ct*BWfr*. 
[0 0 0 7] 

[«B£»ftf *fc©0^&] ±gBBW£S§fi&f*fc© 
ttflsa^ltJ: 0 fcttJf»tt*©S5V»il5#tt«*^ft*»l 

as k S:#ATft* c: t s^t-r*. 
[0008] ±ia«tai*^)s^eft*t)©t 

[0 0 0 9] Sfc, ±8B«aa^-fe53yf XU*>6ft 
*%©tSnT'bSH. 
[0 0 10] 

50 OB©vh>J»i'X»K:»UHE»««tC6J:5ft«* 
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(3) 



#B8¥7-2 9 0 3 0 5 



WltPtt*) fctt, li«£Jt«s|©glfl**Sfc5&. 

» (SftttStttt) «K»fcttfc»fcfctt. Mtt©tt 

«SSc©<£Ta<=tL<fc3&J&, *©*STttB)ttta* 

*it&6n*cftft«icttft«iBjw±i;«. 

*»W©#-»J>iM-IC*V>Ttt, *Ql"ir>9» 
©. miftfc*&#*£A:«*#<Z>ftMe. K*#©§S 
«t3§tffc«£*t«fc 0 fefl^tt*©XWI*tttt*6&:« 
MWrtMUTV»*©T. EOS'* 20 
T5««i®*fc«£#©v h U y ?X#©)NK£*«. Kr 

»©mttftK»*!:i:i)«r*. JrcSfc. ;:©8li3fifc 
***T©»fM*lfllt'fc*T©T h 'J ?*Xtt©JWf*» 
tt«*LTv»»v»OT?, t«»"c 
#. Tat)*. *0&'*>9*0ftMtt&MI0HMk& 

<«fjT*ct^-rfrs. 

[0 0 11] *&. *©5^>*lM>*#ttllrtTS|l ^ 
tt*©SVJ$M#fclr>l,IM:?3y**f#&&*tt«W 

-e&ffiTsct-e. ±rd©<k5tia5P3Jiti:«a*«»t 
*©. attflm*fctt6#K&?T*A«©Ma#±i; 

«±3&St«Tfc*l**lf*tt©*ft&«Hn, *o* 
&. «Jfflffc58*TSW0r^«taffl«*>&»li3lft« 

[0 0 12] 

HdKffl *^W©*JSPJlcr?V^T, KTKHH*#W 30 
LTKHT*. C01] © (a)Htt*38M!C«*#-'J 
>!f/i-<a 1 *««a]©fc/*£7KT-$«»HMEB0-T?* 
5. CHI) © (a)Hfc*T**ll«l©#-U>y/t-* 



»Ta*»«*©Ay h'»(2) S«ttTJ4*. 

[0013] ->y>^«S(3) a, cfrp ok* 
mmw79**-j9) *>s&*iitt©**<4) ©*m 
ft. &R»A^&att«JB(5) -e«abT&*. *u 

T. il©5/*>dr«<3) ©**fc. AyF«<2) #JS8l 

[0 0 1 4] **J6Ttt. ST. 3S^«£8r£#&* 
fcTfc*>a-tf>y-£, MMMTCMRl/T. h©d— 

©^SfrttcSALT. ft&16nu £3 200mm©(fi^ft: 

• WiraolkL-T. ft&©ffiAg£®fl:2i*ac:iT. c 

FRp*s&ftWR©*#(4) ©*m*. &mttom& 

1(5) -CiMl/rfc*5'lr>*«<3) ejMRlsfc. *l/ 
T, r©->+>^S8(3) JfeJIfcAy H«<2) £®8LT 
±K*|fi£©#-'J ^A'-t^fifcLfc, 
[0 0 15] $&, *#(5) ©CFRPtt. gfljtlfcfc 
l-T 49033MPa(50000kgf/mm !! ) ©8EPtt$£^T*5fft 

*) . CKhry^JMJUMMlK- l 3 5 (HSftttttS 
y-T7'J-H) *±^PAN*KiK»iltM5 0B C£V 

X^>*8fJB© Txhf3-h8 7 (iT->*aft4 3 

o) j (j/x;vtt») . «fc»JfcttK*&#«j rxtr?n 

>B 5 7 0j (*B*-f>*aW . -fS^'/-* TX 
lf*a7EM- 2 4J (->xMfc&) £ 100 : 27.0 : 2. 
8 ©WS-CjgSLfcfcWfcffiK 170t:-C30^W 

*©*#«*, V h- >J y 9 X®rjg©Jg»Jieafc&1000Hz, 

2scT©iHnw*±i«fl*fl»ft an fc*T. 

[0 0 16] 

Ml] 





MPa 




SftfUMt 


4 fl 0 3 3 3 
(SOOOOkgr/nm 1 ) 






I 6 7 

(17kgf/nm 5 > 


0.2 6 



[0 0 1 7] Sfc, *#(4) aftMattWRtt) tbT 
©SIRfciCtt, #tt»*« 205940MPa(21000kgf/miD 2 )T, 
iP5 t # 0.25DUD > 0.35miDfecfcr/ O.SmmCDJHff (S45Cffi 
3) 68647MPa(7000kgf/nnn 2 )T, J32 trt« 

0.5m 1.0m *itfl.5m©7*3* (M7;P5) 
tffiVifc. *UT, Cine>xV>^ffl(3) \Z^T, * 

Ecpip=16- (2« fcp.p) 2 ■ L 4 
^^T, PcP»F«±ECFRP(7)^a, DcPifttilLS, 

E=1/Icprp • [(K • L 3 /4. 



[0 0 18] m*OS/^>jr»(3) «Pi«aA(0«||t* 

e>FFT (/MFttacFs so) &m*Tma#w® 

*Tfi»» f S*«)fc, ^CO^p(D*^(4) (DCFR 

PO»W3Ba¥tt*EcFiptt, TIB Q]*C*»6n*. 

• Pcprp/Dcprp 2 -4.73 4 [1] 

[0 0 19] ^ELT, *gJfiW<Bft^>?«(3) OK) 
mK»tt*Ea. TE [2]^CT*«6rc:o 

73 4 )- (EMBTAL • I METAL )] [2] 



Patent provided by Suqhrgg Mlon. PLLC - http://www.sughrue.com 



(4) 



4$IS¥7-2 9 0 3 0 5 



•>^«(3) ©/■?*£». icnr*j;rjtii.iiAt 

(4) CFRPfcitftSSlM) &Jgft©»rE2#*-** 
K=M • ( 2* • f) J 
I cup = rc/Dcp.r 4 /64 



*&, Ltt->Y>i/«(3) (DgS, Ehtal ttttfi 
S(4) ©&l#©!»M»?)itt$T<fea. 

[3] 

—[4] 



Iiim = 7C • [(Dcfif+ 2t) 4 -Dcp.r 4 ]/64 



-[5] 



(4) il/T«V»fc*Rt©J»aT»*. 
[0 0 2 0] **!60l©#->*>?gp(3) ©£** 

!in 6 0*1*4. C«2) fcitf C*3) iC^Ti* 

c. can © (b)H©^77caE*tt«©t>©t»jt 

SttTST. ft*, CS2) BCFRPi^a^M 



». TI2 [6]5t©H«*^*»fc. 



[00 2 1] 
»2] 



[6] 

m5*t»©¥fXtt. CFRP©8 







Vf 5 5% 


Vf 6 5*5 


mm 


0. 25 


0. 35 


0. 5 0 


0. 3 5 


0. 5 0 


flb0'.ffi1±¥ MPa 


1 1 6 0 7 2 
(11836) 


12 10 7 3 
( 12346) 


12 0 4 7 5 
< 12285) 


14 4 0 8 9 
(14693) 


14 8 10 0 
(15102) 




0. 1 5 


0. 1 4 


0. 1 2 


0. 1 5 


0. 1 3 



[0 0 2 2] 



* * [S3] 







Vf 5 5% 


(!]?-£ mm 


0. 5 


0.7 5 


1 . 0 


1. 25 


»W?W4* MPa 
(#* kgf/nmMfi) 


10 8 3 7 3 
(11051) 


116 4 7 4 
(11877) 


12 0 4 7 5 
(12285) 


12 2 3 7 7 
(12479) 




0. 1 7 


0. 1 5 


0. 1 4 


0. 1 2 



[0023] can © (bm<Di/yyp\z, m < 
fifitfc*nis««j ( (^3) £*]*&) ©fjjiis-trnen 

*U *&. HASl©7*D>y Mi. »!»3 7©^ffi*C 

ISSSSU ASIA tt, (04) ©5f57fc5KbfcCF*40 
Icnr = 7t • [(DmiAi + 2tcnr) 

I»BTAl =71 • D»8IAl 4 /64 

Due tal (ifflM37©itg. tcup tJCFRP 

->x^©sts-e**. 

[0 0 2 5] CS2) . C*3) CHI) © (a) 

®<r>>???\zm1r£.?\z, *HJB0!l©'b©m g*tt 

[0 0 2 6] £v>T?. ±IB*^Sfit5iJ©&v^>^ffl(3) 



[ o o 2 4] c f r pmomv&om&i&m 
E\tm$z [i]5£>o>6##e>n. ^K37^«c 

F R P©->x^-T#gbfc8»8tfi ©»«#tt*EB. 
ft9IH[2]itlcfe»tS 2 / > h I cp.rfeirJl 
mital £. TIB [7]:fc«fcr; [8]5SfcS!£J&SC:£T?> ^ 

-D»ti»i 4 ]/64 [7] 

[8] 

(2) \zm\9-*j7(i) £18tfttT 1#©#- 'J 

mmm.zswm . iSgienmwi'^^SpStBAfct)©) 

C^T, RT©ffflfitt»i:f <t)«fflK»*ffofc. 
*&. JfcilE©it»K, iSgl6iiii©^l , 4»(S45C)mi*©-> 

ft. 
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[0 0 2 7] *1\ ±§E#-'J>i'7S-£, ££fflLg 
£ 96mm fc LfcfrfcTBJoZU £©RaST©@*r«l)S 

«©«^e>. F FT (/h»j||gCF 3 5 0) £fflV>T 

[00 28] 
[*4] 





■frflftik Hz 






9 5 0 


0. 1 1 




1112 


0.0 3 



[0 0 2 9] [m 4 ] IC^-TJ: 5 C. *gj&01©#- 'J 

[0 0 3 0] «V>T, *tl6#-U>yA-KT (55 # 
ajbS96ni) . 7-?<Z>mte^£300rpm, 
C 0.1m. 2§0il&£ O.OSmmrevtl-^^B!!*^. * 
<0«MttH*ffv». *©WI*J5^7*ft«©!I»lni&a 
*©*§££ (0 2) © (amfccfctf (b)0 
ro^77ic^t. fc*s. (0 2] ©(a)0©??7tt, 
«llM!©#-'J>dW-. <b)H©y57tttt*Mi© 

[0 0 3 1] (02] 0 (b)BBoy57fc*-r±5fc, 

«. (a)0®^/97IC*-rj:5»C, tfr/OSK&ecL 

-ok, cnt*D**isf«!«)*-u>y/t-m * 
£*«siiB3n&. 

[0 0 3 2] WilZ^fci^lr, **»«05#-U> 
yA*-T?tt. ^>*8B©#&£8}»&-r-5CFRP©-? 
r >J y ^X«©W»r^^^©SSlT}6)*f5 E £ 

«IW«t»C*ff*rWD«tt4»*WlC»»|-C*. Z\tl\Z 
±0. *»W©«ft^*«m**Ci*»Tr#ft. 5 
fc, *3WMI©#-U>y/t--Trtt, ->*>7o«##* 
8tj£-fSCFRP©fl.JI3£. «*JftV»bB7;P5H*>& 

*^©. SKCFRPtctoTJB^CDWHjjt^tsj: 
5fcS8Tf;:fcttSfi:fc&©tife#; v <0*T. A^Sfc, ® 

[0 0 3 3] ±l3^J6^lro*-'J>5 r A*-1?tt. 



(5) WP7-2 9 0 305 

(3) is, »fticj;-3TS^L.fc*t, dnaiw-r&o 

(03] fc*-riH6ft«*!:iT!. ftRiftBCttttrs 

[0 0 3 4] (03] © (a)0*5<tr; (b)0«. *m 
ffi!iS0T»*. fcfc> cne.*jsffi«©^-'j>^A- 

tt. 's^HS8t->A->^SI5©SiK«fiE^Sft:5^^^ 
JO T, J:e351M!fcHi;-e**©-e. C0 

i] t^^&^UTifiws^iiSb. *©j5JMtfc*ft 

SWLTIftWrs. (03] © (a)0©jtf-U>y/t- 
•Ptt. MHf© ©aSSlC. ->*>?gp(3) tisig© 
R««©ffif=f^(2a)&ISft^-* > ->^>i/g|5(3) ©ft 
^KStt©7y7^(3a)£$irr@5f U rto. -ftxS. 
©W«(2a)t7^7 r ^(3a)t£. «ft©#JH»(6) 4 
ftLT®f£?ZZ\t-C, ^©A,. y HS6(2) 

(3)t*«iwr«ta«UTt>*. *&. n (W0©# 
-u^m-th. ^yH*(2> ©«mk. ±mtmm 

20 ©J&tt|s(2a) *RW-*-ar. ->v>^®(3) ©ftSSICH 
WkV>7VJ9 (3a 1 ) £®&U ^ne©®M« 
(28)^7^7"^ (3a' a»©^h(6) 
MOT'S *©A<yH85(2) £->*>*8S(3) t 

[0 0 3 5] $&, ±IB*SSWTtt. ^^>^g6(3) © 
*#(4) fc, CFRP (EK5li«J83M;77X^?) £ 
fflV>5t#fc. *©**(4) *M?ttPI8fcV»LH:7;ir-5 
»A>&ft6««)B(5) TfflESLfc*t. Z.n\tlWV$>-3 
T, -t©*#(4) ttt, Mft«<»<. ftOjtM#*3< 

50 T«*^»©^#v^t>©T?»n«, ^©ffi©iiiai3S{ba 
fc, «a»(5) tbTtt. *#(4) jHu6n*«MMs 

V h 'J y d7 X»©»»fS»*^*WC«*-C#5 &©T 

©te©&H«$ffl^Tfc^£ittW'5$-?'b&<, * 
[0 0 3 6] Sfc. -hlB^SSWTtt, ->V>78S(3) © 

« *#(4> t«a)B(5) *i{wtj-6fct?v»T. saftatiB 

S*«Ct"C. CFRP*6W*#(4) 

©«fil(5) T?«[SL.fc->V>7SI5(3) ttfc*t, Jl© 

JB&lckoT. «ft:»©Mttifift«&«*>6«:SM«© 

50 *#(4) ftgj&U Cin£ffiS^(5) tLT©^Sf^ 
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(6) 



#$¥7-2 9 0 305 



9 

*. S&. «fc8©««»fc8S«*>&&**lMK©*<* 

(4) *%z[z\t> mzmm&wuz. tomb©* 
mantc-fift?*) 7*i^£ n- u > 9%m\z& o m 

^*>*ftrt»*tftfcwi*nTAv». hi*, mmom 

gf SKtt. ^fific^ *>■*>©"-?&<, -tr^s 

>7U-r-f >y*ft*ofcfii». 
[0 0 3 7] 

[SSH©*i*] KifcjJ'Cfciifc, *«wc«*>#- 
U>ytf-tt. ftMttfcKJRjfeilflcfcftRIIMHrc 

[01] ♦RWOtf-U^y/l-Ol^flolMS** 



20 



[02] *»w©jaMi®#-u>y/t-fcwt)*+< 
D«M»©tttfoa»iW**'ry?7 , r*'3T, (a) 
0©^7 7tt#&te^#-y>y/\ , - t (b)s©^7 

^©r>r;Dig«ijfeu&^-ry77T*'). 
is 3 ] *?693©#- u >>trt-0mammmm<Dmi& 

10 [04] MIMfiflST*?*??? fc*m~>YHJy*;~.8 

SS©ii«i8f#tt$<&^bS-»m©S»«^b77X5 1 

a »■©«**» tuitt ommhnb*) t©w»& 
[05] fl»©wiiWb*&#ftffl^&#-u>yr{- 

©#§j££*-f-fi&®8rffi!lBTi&-5o 

(1) -mrf-vt 

(2) -Ay FSB 
(3) 

a> (4) 
(5) -mm 



[01] 



[02] 



(a) 




lb) 



0.1 







SWA , CFRP*fc*>a*#i 


















A ;CFRP*«K>***I 




o 








o 


O 






o 








□ 






a 




' 1 I 1 


- a 







UlttWtt* E(MPO Cx«.aoffl5«W) 



(a) 



(b) 




[05] 
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(7) 



4$H¥7-29 0305 




mmm rnmn m a2mm «j& ^ 

A«ii#Fr1iBIKiS«# 1 TB 5 # 5 n ft*Ji#FrfrgKiS## 1 TB 5 # 5 *f 

(72)89m mm 

lymttF rfJHKif5«ft 1 TB 5 # 5 
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